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CHARACTERISTICS OF VISION BY PHOTIC 
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By 
HIROSHI K 0 MAT S U (/J\:t~ *1)1) 
(Tohoku Social Welfare University) 
In the present experiments temporal frequency response characteristics were ex-
amined by the photic driving method by which the effects of intermittent photic 
stimulation on the CFF were measured. The temporal wave forms of the employed 
photic stimuli were rectangular. 
The results are summarized as follows: 1) When spectral lights and white-light were 
used as the driving lights and the measuring light respectively, the peak frequencies 
of the driving effects were 10--12.5 Hz for blue (468 nm), about 15 Hz for green (545 
nm) and 17.5 Hz or so for red (600 nm) and white. 2) As for the 3 subjects of 
deuteranomalopia, two of them did not show a peak frequency for the driving effect 
of green-light, while the other did not show a peak for either green- or red-light. 3) 
When white-light and spectral lights were used as the driving light and the measuring 
lights respectively, the driving effects became prominent at about 17.5 Hz regardless 
of the wavelengths of the measuring light. 
The above facts indicate that the driving effects are dependent on the wavelength-
frequency relation of the driving light; hence that the photic driving method may 
provide a new framework for studies on the temporal frequency response characteris-
tics of color mechanisms. 
Various studies have indicated that not only visual sensitivities to light but also 
higher orders of visual functions that include almost all visual phenomena are subject 
to the various restrictions of time. Color vision is also time-dependent on several 
aspeats. Therefore, there seems to be some proper temporal characteristics in color 
VISIOn. 
Motokawa (1949a), measuring the electrical phosphene thresholds at several intervals 
after 2 sec spectral light illumination, reported that the crest times of electrical 
excitability were about 1, 2 and 3 sec after foveal illuminations of red, green and blue 
light respectively. According to Motokawa, the crest of the electrical excitability to 
the white-light appeared at about 2 sec after illumination through a time course similar 
to a curve composed of above three processes. These results suggest that the visual 
systems have some fundamental processes with different temporal characteristics for 
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processing color informations. According to Motokawa (1949b), there appear to be 
four kinds of fundamental processes for red, yellow, green and blue in the whole retina. 
Motokawa (1949c) examined color induction by presenting color light, white light and 
electrical stimulation in the order named, and found that the crest times of the elec-
trical excitability were the same as in the case of color illuminations complementary 
to the inducing lights. Moreover, Motokawa and Ebe (1952) showed that the effects 
of double white flashes could be equivalent to some color light stimulation according 
to the interval of the two flashes. These facts are supposed to indicate that some 
temporal frequency properties are inherent in the color mechanisms of vision. 
Schwartz (1940) examined the phosphene thresholds to alternating currents against 
several kinds of background illumination and obtained curves indicating the lowest 
threshold at 20Hz in common. Motokawa and Ebe (1953), measuring the thresh-
old-frequency relationship in still smaller steps than Schwartz, found, for the threshold 
curve, several subminima at about 7.5, 27.5, 35, 42.5 and 77 Hz. According to them, 
the maximum stimulus frequency at which flicker phosphenes could be elicited was 
reached between 100 and 120Hz. Further, Motokawa et al. (1953), using several 
illuminating lights of varying wavelength but of constant intensity in physiological 
units, measured the electrical phosphene thresholds to the ac ranging from 20 through 
92Hz, and found that the range of wavelength over which peaks appear changed from 
the red part toward the violet part of the spectrum as the frequency of the measuring 
ac was lowered (Motokawa, 1970). Takahashi, Mori and Yoshino (1956) also ascertained 
the fact that the characteristic frequencies of red, green and blue corresponded to 77, 42 
and 36 cps respectively. 
In addition to the data obtained by psychophysiological methods, entirely psy-
chological phenomena such as Fechner color and Benham's disk also suggest that 
some frequency properties are inherent in human color mechanisms (Cohen & Gordon, 
1949,). De Lange (1958), measuring the CFF of spectral light modulated sinusoidally, 
found that the modulation sensitivity differed with wavelengths even in the same 
critical fusion frequency. Kelly also obtained amplitude-sensitivity curves of the 
sinusoidally modulated white light. Further he showed that there were three relatively 
consistent peak frequencies regardless of the adaptation levels (Kelly 1962a), and that 
each peak was reduced by the adaptation to some specific spectral light (Kelly 1962b). 
On the basis of these results, he concluded that the low-frequency band (4-7 cps) was 
controlled by the blue-sensitive channel; the middle-frequency band (1O-15cps), by 
the green-sensitive channel; and the high-frequency band (20-30 cps), by the red-
sensitive channel (Kelly 1962b). 
The methods adopted by de Lange and Kelly were psychophysical measurements 
of determining the CFF by varying the sinusoidally modulated amplitude. In this 
sense, their methods are on a common base with the photic driving method in the 
present experiments. But the photic driving of CFF is a method for detecting the 
stimulus effects aroused in the visual system by using a sort of resonance phenomena 
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between the driving light and the measuring light. Therefore, there are some different 
aspects between both methods with respect to their approach to these phenomena. 
Accordingly the examination of the driving effects with spectral lights is expected to 
clarify the temporal frequency characteristics of color vision from different stand-
points. 
EXPERIMENT I 
The purpose of Exp. I is to examine the temporal frequency characteristics of color 
vision by the photic driving method. 
METHOD 
The procedures of photic driving are fundamentally based upon the train pulses 
technique described in Report I. In the present experiment 9 sec photic driving 
was carried out with intermittent spectral lights after 20 sec adaptation to 2KHz white 
pulsing light. The effects of driving were measured as the variances of OFF in the 
subsequent 1 sec measuring light. The POF of the train pulses was 0.5. The temporal 
distribution of the pulse train is shown in Fig. 1. 
Driving frequency: The driving frequencies are 5, 8, 10, 12.5, 15, 17.5, 20 and 30 
Hz. 
Wavelength: The wavelengths of the driving light are blue (468 nm), green (545 
nm), red (600 nm) and white (color of the light source). 
The experimental apparatus is shown schematically in Fig. 2. The spectral 
lights for driving were obtained through interference filters and were presented to Ss 
with the same pattern used for the adapting light and the measuring light by means of 
the Maxwellian view. For the white driving lights the glow modulator tube (SYLVANIA 
R1131c) was used without the interference filters. The subject observed the center 
of the disk subtending approximately 8° with his right eye through an artificial pupil 
of 2 mm in diameter of the Maxwellian view. 
The intensities of all train pulses were set as in the case of Report I so that 
the OFF might become 30Hz. For adjusting the intensity of driving light, the 
Adaptation Driving Measurement Pause 
2KHz II 5, 8, 10, 12.5, 15, 17.5 II I I 
H~_-_~==Jmtruill~;~~.~I------I~--;~;:':;'~i-
Wh't I I I 1 e I Blue (468nm). Green(545nm): White I I 
I Red(600nm) and white I: I 
I I I 
---20.0 sec • I. 9.0sec 'Ie 1.Osec-+-1.0sec ____ 
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I I I I 
Fig. 1. Temporal distribution of the train pulses. PCF: 0.5. 
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Fig. 2. Diagram of apparatus 
Interphone 
experimenter manipulated the ND-wedge by the method of limits. According to 
Hecht & Schlaer (1936), intermittent lights of the same intensities show approxi-
mately the same OFF, regardle~s of the wavelengths, at more than about 20Hz. In the 
present studies the adjustments of the spectral light intensities are fundamentally 
based on the results of Hecht et al. 
Subjects: The subjects were 3 male undergraduate students who had no color 
deficiency. 
After 10-15 min dark adaptation, the experiment was begun in an electrically 
shielded sound-proof chamber relatively constant in temperature and humidity. 
The stimulus timings were controlled and monitored outside the chamber. The experi-
menter communicated with the subject by means of the interphone. 
One experiment was composed of an experimental session and a control one. 
In the former session OFF was measured after each of the drivings with 9 kinds of 
frequencies, and in the latter the OFF was measured immediately after the adaptation. 
In one experiment the measurements were carried out randomly with respect to the 
frequencies of driving of the same wavelength. Each frequency condition was examined 
by a 1 msec step method in ascending or descending order. The experiments were 
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carried out randomly for 4 kinds of wavelengths at a rate of one experiment a day for 
each subject. That is, one subject was examined 12 times in total. 
RESULTS 
The subjects' results for each wavelength are shown in Table 1. D-Hz, the dif-
ferences between the CFF measured in the experimental session and in the control 
one, are plotted in Fig. 3, as a function of the driving frequency with the wavelength as 
the parameter. Each point plotted in the figures is the mean of the D-Hz calculated 
from the data obtained in the 3 experiments for the same wavelength. From the 
tables and figures it is indicated that: 
1) The driving effects were almost all inhibitory and yielded the lowering of CFF, 
because the driving lights of frequencies lower than 30Hz were apparently flickering 
in the present experiment. These effects became prominent depending on the 
wavelength-frequency relations. 
2) In the present levels of intensity the peak frequencies of driving effects were 
10-12.5 Hz for blue, about 15 Hz for green and 17.5 Hz or so for red and white. 
Table 1. Effects of chromatic photic driving on the color-normal subjects. 
(a) Subject: IT (D-Hz) 
--
Hz 
nm Exp. 
I I I I I I I I 5 8 10 12.5 15 17.5 20 25 30 
1 -4.0 -5.7 -6.5 -6.1 -5.7 -4.9 -4.5 -3.6 -2.6 
2 -5.3 -6.9 -7.2 -7.2 -6.5 -5.7 -4.9 -3.1 -2.2 
468 3 -4.9 -6.1 -6.5 -6.5 -5.7 -4.5 -3.6 -2.6 -1.6 
--
I 
I 
I I I I I I 
M -4.7 -6.2 -6.7 -6.6 -6.0 -5.0 -4.3 -3.1 -2.1 
R 1.3 1.2 I 0.7 1.1 0.8 0.8 1.3 1.0 1.0 
1 -3.8 -4.6 -5.4 -6.1 -6.5 
I 
-6.5 -6.1 -4.6 -2.0 
2 -6.9 -7.6 -8.3 -8.9 -9.2 -8.9 -8.3 -5.7 -4.0 
545 3 -4.2 -5.8 -6.5 -7.2 -7.5 I -6.8 -5.4 -3.4 -2.0 
--
I I I I I I I I 
M -5.0 -6.0 -6.7 -7.4 -7.7 -7.4 -6.6 -4.6 -2.7 
R 3. 1 3.0 2.9 2.8 2.7 2.4 2.9 2.3 2.0 
1 -4.2 
I 
-5.4 -5.8 -6.1 -6.5 -6.8 -5.8 -4.2 -2.9 
2 -2.3 -3.1 -3.9 -4.7 -5.0 -5.4 -5.0 -4.3 -1.8 
600 3 -1.0 I -2.4 -3.3 -4.1 -4.5 -4.9 -4.1 -2.9 -1.5 I 
--
M -2.5 
I 
-3.6 
I 
-4.3 
I 
-5.0 
I 
-5.3 
I 
-5.7 
I 
-5.0 
I 
-3.8 
I 
-2.1 
R 3.2 3.0 2.5 2.0 2.0 1.9 1.7 1.4 1.4 
1 -5.3 -6.7 -7.3 -7.6 -7.6 -7.9 -6.7 -4.9 -2.9 
2 -2.2 -3.8 -4.5 -4.8 -5.2 -5.5 -4.5 -3.0 -0.9 
W 3 -2.0 -3.7 -4.9 -6.0 -6.3 -6.7 -6.0 -4.1 -2.0 
M -3.2 
I 
-4.7 
I 
-5.6 
I 
-6.1 
I 
-6.4 
I 
-6.7 
I 
-5.7 
I 
-4.0 
I 
-1.9 
R 3.3 3.0 2.3 2.8 2.4 2.4 2.2 1.9 2.0 
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(b) Subject: CO (D·Hz) 
- .. _---_. 
I Hz 
nm Exp. 
I I I 
I 
I I I I 5 8 10 12.5 I 15 17.5 20 25 30 
1 -5.9 -7.1 I -7.8 -7.8 -7.1 -5.9 -5.1 -3.2 -1.7 
2 -3.9 -5.5 I -6.3 -6.3 -5.9 -5.1 -4.7 -3.4 -1.0 
468 3 -7.0 -8.2 I -8.6 -8.6 -8.2 -7.8 -7.4 -5.6 -4.7 
--
I I 
I 
I I I I I 
M -5.6 -6.9 -7.6 
I 
-7.6 -7.1 -6.3 -5.7 -4.1 -2.5 
R 3. 1 2.7 2.3 2.3 2.3 2.7 2.7 2.4 3.7 
1 -2.5 -3.8 -4.6 -5.4 
I 
-5.8 -5.4 -5.0 I -4.2 -2.0 2 -4.7 -5.0 -5.4 -6.1 -6.4 -5.7 -4.3 -2.3 -0.9 
545 3 -3.4 -4.7 -5.5 -6.3 -6.3 -5.9 -5.1 I -3.9 -3.0 I 1--
M -3.5 -4.5 -5.2 -5.9 -6.2 -5.7 -4.8 -3.5 -2.0 
2.2 I 1. 2 I 0.9 0.9 I 0.6 I 0.5 I 0.8 I 1. 9 I 2.1 
1 -6.5 -6.9 -6.9 -7.2 -7.6 -7.9 -6.9 -5.3 -3.6 
2 -4.6 -5.5 -5.9 -6.7 -7.1 -7.5 -6.3 -5.1 -2.8 
600 3 -2.9 -3.8 -4.2 -4.6 -5.0 -5.8 -4.6 -3.4 -1.5 
---
I 
I 
I I I I I I 
M -4.7 
I 
-5.4 -5.7 -6.2 -6.6 -7.1 -5.9 -4.6 -2.6 
R 3.6 3.1 I 2.7 2.6 2.6 2.1 2.3 1.9 2.1 
---
I 
I 
1 -7.1 -7.8 -8.5 -9.2 -9.5 -9.8 -7.5 -4.6 -1.2 
2 -5.3 -6.5 -7.2 -7.6 -7.9 -8.3 -6.9 -4.5 -1.6 
W 3 -4.2 I -5.4 -6.1 -6.5 -6.8 -7.5 -5.4 -2.9 -1.1 
--
I 
I 
I I I I I I 
M -5.5 -6.6 
I 
-7.3 -7.8 -8.1 -8.5 -6.6 -4.0 -1.3 
R 2.9 2.4 2.4 2.7 2.7 2.3 2.1 1.7 0.5 
I 
3) The above tendencies were approximately common to the three subjects and 
to the individual results shown in the tables. 
DISCUSSION 
The stimulus pattern used in the present experiment was a 8° sharp-edged field 
with dark background. According to Kelly (1959, 1962b) the enhancement of the 
amplitude sensitivity in the region of low frequency was more prominent with 4° 
sharp-edged field against a dark background than with the Ganzfeld or edgeless field. 
Remole also reported border enhancement peculiar to the field illuminated intermit-
tently (Remole 1970, 1971, 1972, 1973 and 1975). With all these facts, the reason 
for using the 8° sharp-edged field was that the edge effects were weak in the periphery 
of the foveal region and that the edged pattern was easy to control the fixation. 
According to the reducibility hypothesis, sinusoidal stimuli have more theoretical 
generality for the interpretation of the results than rectangular ones. This time, 
however, the rectangular stimuli were employed because of their high temporal resolv-
ability (Ives 1922, Maruyama 1976). The effects of the edge and the wave form of 
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Table 1. 
(c) Subject: KK (D-Hz) 
Hz 
nm Exp. 
I I I I I l_ I I 5 8 10 12.5 15 17.5 20 25 30 
1 -4.7 -6.3 -6.6 -7.0 -6.6 -5.9 -4.7 -3.0 -1.6 
2 -3.0 -5.1 -5.9 -5.9 -5.5 -5.1 -4.3 -3.4 -1.6 
468 3 -2.7 -5.0 -6.1 -6.1 -5.7 -5.0 -4.3 -3.1 -1.4 
-~ 
I I I I I I I 
M -3.5 -5.5 -6.2 -6.3 -5.9 -5.3 -4.4 I -3.2 -1.5 R 2.0 1.3 0.7 1.1 1.1 0.9 0.4 I 0.4 0.2 
I 
1 -1.3 -2.5 -2.9 -3.6 -4.9 -4.6 -4.3 -3.6 -1.3 
2 -1.4 -3.0 -3.8 -4.5 -5.2 -4.8 -4.1 -2.5 -0.9 
545 3 -3.1 -4.3 -4.6 -5.0 -5.7 -5.3 -4.6 -3.5 -1.0 
M 
I 
-1.9 
I 
-3.3 
I 
-3.8 
I 
-4.4 
I 
-5.3 
I 
-4.9 
I 
-4.3 
I 
-3.2 
I 
-1.1 
R 1.8 1.8 1.7 1.4 0.8 0.7 0.5 1.1 0.4 
, 
1 -2.5 -2.9 -3.3 -4.0 -4.3 -4.7 -4.3 -2.9 -0.9 
2 -3.5 -4.3 -5 .. 0 -5.4 -6.1 -6.4 -6.1 -3.9 -2.3 
600 3 -3.5 -4.7 -5.0 -5.4 -6.1 -6.4 -5.7 -4.3 -2.7 
M -3.2 
I 
-4.0 
I 
-4.4 
I 
-4.9 
I 
-5.5 
I 
-5.8 
I 
-5.4 
I 
-3.7 
I 
-2.0 
R 1.0 1.8 1.7 1.4 1.8 1.7 1.8 1.4 1.8 
1 -4.1 -5.2 -5.8 -6.1 -6.4 -6.7 -5.5 -3.0 -0.5 
2 -4_9 -5.6 -6.0 -6.7 -7.0 -7.3 -6.3 -4.1 -2.0 
W 3 -6.4 -7.0 -7.3 -7.9 -8.2 -8.4 -6.4 -3.9 -1.4 
M -5.1 
I 
-5.9 
I 
-6.4 
I 
-6.9 
I 
-7.2 
I 
-7.5 
I 
-6.1 
I 
-3.7 
I 
-1.3 
R 2.3 1.8 1.5 1.8 1.8 1.7 0.9 1.1 1.5 
the stimulus are themes for further investigation of the photic driving. 
The intensities of the present stimuli (the adapting light, the driving light and the 
measuring light) were adjusted for each S so that the CFF might become 30 Hz. The 
retinal illuminations ranged from about 44.0 to 125.6 trolands. In this intensity 
range nearly the same wavelength-frequency characteristics were found for each S, 
which indicated the suitability of the present method for investigating the frequency 
properties of the color mechanism. Namely, it seems that the variances of the CFF 
of the present white measuring light are due to a kind of selective adaptation which 
results from a sort of resonance of the color subchannel with some proper frequency 
characteristics to the driving light. That is to say, it is supposed that the changes 
aroused in some color channel finally appeared as the variances of the CFF of the 
white measuring light owing to the photic driving, though the white measuring light 
itself was related to every color channel. 
Kelly (1962a) obtained the amplitude sensitivity curves of the color-deficient subjects 
and indicated that two peaks appeared at 7 and 15 cps for deuteranope's curve, while a 
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Fig. 3. Results of 4 kinds of chromatic photic drivings: Mean of 3 experiments. Vertical 
lines: Ranges. Parameter: Wavelength of driving light. Subject: Color-normal subject. 
(Data were shifted slightly in order not to overlap.) 
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prominent peak at 7 cps for protanope's curve. These facts suggest that the color-
deficient subjects have some different frequency characteristics from the normal, which 
was examined in the next experiment. 
EXPERIMENT II 
The present experiment deals with the temporal frequency characteristics of the 
color mechanisms of color-deficient subjects by the photic driving method. 
METHOD 
Subject: The subjects were 3 male undergraduate students RO, TM and YS who 
were judged to be deuteranomalopia by Ishihara's Color Blindness Test and the Tokyo 
Medical College Color Vision Test, Japan Color Research Institute 100 Rue Test and 
40 Hue Test. YS was also tested by means of an anomaloscope. 
The procedures and the conditions of Exp. II were entirely the same as those of 
Exp. 1. 
Table 2. Effects of chromatic photic driving on the color-deficient subjects (deuteranomalopia). 
(a) Subject: HO (D-Hz) 
I Hz 
nm I Exp. 
I I I I I I I I 5 8 10 12.5 15 17.5 20 25 30 
1 -3.6 -4.9 -5.3 -5.7 I -5.3 -4.9 -4.5 -3.6 -2.2 2 -2.9 -3.8 -4.6 -5.0 
I 
-4.6 -3.8 -2.5 -1.5 -1.1 
468 3 -4.2 -5.8 -6.5 -6.5 -6.1 -5.8 -5.4 -3.8 -2.0 
--
I I I I I I I 
I 
M -3.6 -4.8 -5.5 -5.7 -5.3 -4.8 -4.1 
I 
-3.0 -1.8 
R 1.3 2.0 1.9 1.5 1.5 2.0 2.9 2.3 1.1 
1 -5.3 -6.5 -7.2 -7.6 -7.6 -7.6 -6.9 -5.7 -4.0 
2 -3.1 -3.9 -5.0 -5.7 -5.7 -5.7 -4.6 -3.9 -2.3 
545 3 -3.5 -5.0 -6.0 -6.0 -6.0 -6.0 -5.7 -4.3 -1.9 
-- -
I I I I I I I I 
M -4.0 -5.1 -6.1 -6.4 -6.4 -6.4 -5.7 -4.6 -2.7 
R 2.2 2.6 2.2 1.9 1.9 1.9 2.3 1.8 2.1 
1 -2.5 -3.9 -4.7 -5.5 -6.3 -7.0 -6.6 -5.9 -3.9 
2 -5.3 -6.1 -6.3 -7.0 -7.3 -7.3 -7.0 -5.1 -4.0 
600 3 -3.4 -5.1 -6.3 -7.0 -7.3 -7.3 -6.6 -5.1 -3.9 
--
I I I I I I I I 
M -3.7 -5.0 -5.8 -6.5 -7.0 -7.2 -6.7 -5.4 -3.9 
R 2.8 2.2 1.6 1.5 1.0 0.3 0.4 0.8 0.1 
1 -4.3 -4.6 -5.3 -5.3 -5.3 -6.0 -5.3 -3.9 -1.4 
2 -3.5 -5.0 -5.7 -6.3 -6.6 -6.9 -6.3 -3.9 -1.4 
W 3 -5.4 -6.1 -6.8 -7.2 -7.5 -8.1 -7.2 -5.4 -1.5 
M -4.4 
I 
-5.2 
I 
-5.9 
I 
-6.3 
I 
-6.5 
I 
-7.0 
I 
-6.3 
I 
-4.4 
I 
-1.4 
R 1.9 1.5 1.5 1.9 2.2 2.1 1.9 1.5 0.1 
I 
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---
M 
R 
1 
2 
3 
--
M 
R 
I 
I 
-4.3 
0 
-0.9 
-1.7 
4.3 
-3.9 
-2.6 
-3.0 
-3.2 
1.3 
I 
I 
I 
I 
-4.6 
-3.1 
-5.4 
-4.4 
2.3 
-4.3 
-0.5 
-2.5 
-2.4 
3.8 
-4.0 
-3.8 
-3.9 
-3.9 
0.2 
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Table 2. 
Hz 
10 12.5 15 
-3.9 -3.9 -3.5 
-4.1 -4.1 -3.3 
-3.4 -4.2 -3.4 
-3.8 -4.1 -3.4 
0.7 0.3 0.2 
~------
I 
I I 
-5.0 -5.0 -5.0 
I -4.6 -4.3 -4.6 
I -6.1 I -6.1 -6.1 
-5.2 --5.1 -5.2 
1.5 1.8 1.5 
-4.7 -4.7 -5.4 
-1.0 -2.3 -3.5 
-3.3 -3.6 -4.0 
I I I 
-3.0 -3.5 -4.3 
3.7 2.4 1.9 
-5.7 I -6.0 -6.0 
-4.5 
I 
-4.8 -5.2 
-4.3 -5.1 -5.5 
-4.8 I -5.3 I -5.6 
1. 4 I 1. 2 0.8 
--~-~---~--~--~ 
RESULTS 
--_. 
I 
, 
I 
17.5 I 
-3.1 
-2.9 
-2.9 
-3.0 
0.2 
-5.0 
-4.6 
-6.1 
-5.2 
1.5 
-6.1 
-3.9 
-4.3 
-4.8 
2.2 
-6.3 
-5.2 
-5.5 
-5.7 
1.1 
I 
I 
I 
I 
20 
-2.7 
-2.0 
-2.5 
-2.4 
0.7 
-4.6 
-3.9 
-5.0 
-4.5 
1.1 
-5.4 
-4.3 
-4.7 
-4.8 
1.1 
-5.0 
-4.1 
-5.1 
-4.7 
0.9 
, 
I 
I 
I 
25 
-1.4 
-0.6 
-1.5 
-1.2 
0.9 
---
-3.4 
-2.7 
-3.4 
-3.2 
0.7 
-3.5 
-3.1 
-3.3 
-3.3 
0.4 
-3.1 
-2.2 
-3.4 
-2.9 
1.2 
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(D-Hz) 
I 
30 
-0.4 
0 
-0.5 
-0.3 
0.5 
-2.5 
-1.4 
-1.5 
-1.8 
1.1 
-1.8 
-2.3 
-1.7 
-1.9 
0.6 
0 
-0.5 
-1.0 
-0.5 
1.0 
The results of the 3 subjects are shown in Table 2. The means of the results 
obtained in the 3 experiments for the same wavelength are plotted in Fig. 4. The 
ordinates and the abscissae of the figures show the driving effects (D-Hz) and driving 
frequencies respectively. The parameter is the wavelength of the driving light. 
The results showed the following features: As for HO and TM, 1) The peaks of 
the driving effects appearcd at 10-12.5, 17.5-20 and 17.5 Hz or so in the case of 
the driving with blue(468 nm)-, red(600 nm)-and white-light respectively. These 
tendencies were the same as those of the color-normal subjects. 2) When the wavelength 
of the driving light was green (545 nm), however, a peak was observed at about 15 Hz 
for color-normal subjects but here no peak was found and the effects of the driving 
were flat over the range from lO to 17.5 Hz. On the other hand, somewhat different 
results were obtained for YS. Namely, the effects of the red driving light also became 
flat over the frequency range of lO-17.5 Hz as in the case of the green light. 
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Table 2. 
(c) Subject: YS (D-Hz) 
nm 
486 
545 
Hz 
1------.----,---- ----.--------.,----,------ ---.---. -
Exp. 5 I 8 I 10 I 12.5 1: ___ 15----,1_17.5 I 20 I 25 I 30 
1 
2 
3 
M 
R 
1 
2 
3 
-3.5 
-3.0 
-2.0 
-2.8 I 
1.5 
-3.5 
-3.5 
-2.5 
M -3.2 I 
R 1.0 
=i:~-T-=-i-:~-i---=-i-:-~-'; =i:~ II =~:f-=;:~ '-'11 =;:~--I- =~:~ 
-3.0 -3.0 -3.0 -2.5 -2.0 -1.5 -1.5 I -1.0 
-3.8 I -3.8 I -3.8 II -3.5 I -3.3 I -2.5 II -2.0 I -1.0 
2.0 2.0 2.0 2.5 3.0 2.0 1. 0 1. 0 
-----~--~--~---~---~----~---
-5.0 
-4.5 
-4.0 
-4.5 
1.0 
-6.0 
-5.0 
-4.5 
I
I -6.0 -6.0 -5.0 -4.0 I -2.0 
-5.0 -5.0 -4.0 -3.0 -1.5 
-5.0 -4.5 -3.5 -2.5 -1.0 
-6.0 
-5.0 
-4.5 
I-~i:fcl----i-:-~-I·-~-ffI1~-f~ffl -~:~ I -~:~ 
-2.5 -4.5 -5.0 -5.0 -4.51-5.0 I' -4.5 II -3.0 
------j---i---
1 I 
600 
w 
-1.5 
2 -2.5 -3.0 -3.5 -4.0 -3.5 -4.0 -3.0 -2.0 -1.5 
3 -2.5 -3.5 -4.5 -4.5 -4.5 -4.5 -3.5 -2.5 -1.5 
--I---+----,---~--~--
-20.5 I -3.7 I' -4.3 I -4.5 I! -4.2 I -4.5 II -3.7 I -2.5 I -1.5 M R 
1 
2 
3 
M 
R 
1.5 1.5 1.0 1.0 1.0 1.5 1.0 0 
-2.0 -3.0 -3.5 -4.0 -4.0 -4.5 -4.5 -3.0 -2.0 
-2.0 -3.0 -3.5 -4.0 -4.5 -5.0 -4.5 -3.0 -2.0 
-3.5 -4.0 -4.0 -4.5 -4.5 -5.0 -4.5 -3.0 -1.5 
DISCUSSION 
It seems that a wavelength-frequency curve which lacks a peak indicates a 
deteriorated response sensitivity of the color subchannel to the frequency in question. 
In this sense, the lower effects of the driving with the green light pulses on the subject 
of deuteranomalopia may be understood to indicate his impaired sensitivity to green 
light. 
The sort and the degree of the color deficiency, however, seem to be different in 
the subjects diagnosed as deuteranomalopia, which is reflected III YS's results III 
the present experiment. The present color tests composed of the color plates may be 
enough to discriminate roughly sorts and degrees of the color deficiencies, but are 
inadequate for a fine qualitative distinction. It is said that an anomaloscope is also 
a difficult test, because it does not always show consistent results owing to the limita-
tions of the apparatus. 
Every subject in the present experiment could identify red or green individually, 
but could not discriminate red and green, when presented as a mixed pattern. Two 
possibilities are present: Color sensitivity to either red or green (especially green in 
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D·Hz 
+ 1.0 
.0 
-1.0 
-2.0 
] -3.0 
~ -4.0 
'" .~ -5.0 
;§ 
-6.0 
-7.0 
-S.O 
-9.0 
-10.0 
D·Hz 
+ 1.0 
o 
-1.0 
-2.0 
3 -3.0 
icl ~ -4.0 
gl} -5.0 
.s;: 
;§ -6.0 
-7.0 
-S.O 
-9.0 
~ 10.0 
D·Hz 
+1.0 
5 
I 
5 
I 
5 
o I I 
-1.0 
-2.0 
13 -3.0 
J:: ~ -4.0 
gl} -5.0 
:~ o -6.0 
-7.0 
-S.O 
-9.0 
-10.0 
H. Komatsu 
Driving Frequency 
S 10 12.5 15 17.5 20 
I I I I 
x 46Snm 
o 545nm 
• 600nm 
L;. White 
(a) H.O. 
Driving Frequency 
S 10 12.5 15 17.5 20 
I I I I I 
x 468nm 
o 545nm 
• 600nm 
L;. White 
(b)T.M. 
Driving Frequency 
S 10 12.5 15 17.5 20 
I I I I I I 
x 46Snm 
o 545nm 
• 600nm 
L;. White 
(c) Y.S. 
25 
I 
25 
I 
30 Hz 
I 
30 Hz 
I 
Fig. 4. Resultsof 4 kinds of chromatic photic drivings: Mean of 3 experiments. Vertical lines: 
Ranges. Parameter: Wavelength of driving light. Subject: Deuteranomalopia. 
(Data were shifted slightly in order not to overlap.) 
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the present Ss) is lowered, or the sensitivities to both are lowered together. Accord-
ing to the above mentioned facts, the photic driving method seems to be of some 
utility for the color tests as well as the physiological methods of electro retino gram 
(ERG) and the visual evoked responses (VER), for example. 
SUPPLEMENTARY EXPERIMENT 
Kelly (1962a, b), measuring the amplitude sensitivity of sinusoidally flickering 
white light, obtained three distinct bubpeaks corresponding to blue-, green- and red-
mechanism. From Kelly's rebults it is supposed that the white light driving give 
some specific effects according to the ~pectral light for measurement, because the 
influences of white driving light on the individual color channels may be detected by 
the measuring light of some wavelength. The following experiment deals with this 
aspect. 
Table 3. Photic driving effects measured by spectral light 
(a) Color-normal subject: MA 
nm 
I 
I 
468 
545 
569 
W 
Exp. 
1 
2 
3 
--
M 
R 
1 
2 
3 
M 
R 
1 
2 
3 
I 
I 
--
M 
R 
1 
2 
3 
--
M 
R 
5 
0 
-1.5 
-1.5 
-1.0 
1.5 
-2.0 
-3.5 
-4.0 
-3.2 
2.0 
-3.0 
-2.0 
-2.5 
-2.5 
1.0 
-2.5 
-2.5 
-3.0 
-2.7 
0.5 
I 
I 
I 
I 
8 
-1.5 
-3.0 
-3.0 
-2.5 
1.5 
-3.5 
-5.0 
-5.0 
-4.5 
1.5 
-4.0 
-3.0 
-3.5 
-3.5 
1.0 
-5.5 
-4.0 
-4.0 
-4.5 
1.5 
I 
I 
I 
I 
! 
I 
I 
I 
10 
-3.0 
-3.0 
-3.5 
-3.2 
0.5 
-4.5 
-6.0 
-5.5 
-5.3 
1.5 
-4.5 
-4.0 
-4.0 
-4.2 
0.5 
-6.0 
-4.5 
-5.5 
-5.3 
1.5 
I 
I 
I 
I 
I 
I 
. -
12.5 
-3.5 
-3.5 
-3.5 
-3.5 
o 
-6.0 
-6.5 
-6.0 
-6.2 
0.5 
-4.5 
-4.5 
-4.0 
-4.3 
0.5 
-6.0 
-5.5 
-5.5 
-5.7 
0.5 
I 
, 
I 
I 
I 
Hz 
15 
-4.0 
-3.5 
-4.0 
-3.8 
0.5 
-6.5 
-7.5 
-6.5 
-6.8 
1.0 
-5.0 
-5.5 
-4.5 
-5.0 
1.0 
-7.0 
-6.0 
-6.0 
-6.3 
1.0 
I 
I 
I 
I 
17.5 
-4.0 
-4.0 
-4.5 
-4.2 
0.5 
-6.5 
-8.0 
-7.5 
-7.3 
1.5 
-5.5 
-5.5 
-5.0 
-5.3 
0.5 
-8.0 
-6.5 
-7.0 
-7.2 
1.5 
I 
I 
I 
I 
I 
20 
-3.5 
-3.5 
-3.5 
-3.5 
o 
-6.0 
-8.0 
-6.5 
-6.8 
2.0 
-5.0 
-5.0 
-4.5 
-4.8 
0.5 
-7.5 
-6.0 
-6.5 
-6.7 
1.5 
I 
I 
I 
I 
25 
-3.0 
-3.0 
-2.5 
-2.8 
0.5 
-4.5 
-6.5 
-5.0 
-5.3 
2.0 
-3.5 
-4.5 
-3.5 
-3.8 
1.0 
-6.0 
-5.0 
-6.0 
-5.7 
1.0 
(D-Hz) 
I 
I 
I 
I 
30 
-1.5 
-2.0 
-1.0 
-1.5 
1.0 
-2.0 
-4.5 
-4.5 
-3.7 
2.5 
-2.5 
-2.5 
-2.0 
-2.3 
0.5 
-3.5 
-3.0 
-4.5 
-3.7 
1.5 
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Table 3. 
(b) Color-deficient subject: YS (deuteranomalopia) (D-Hz) 
I Hz 
nm 
30 I Exp. --5 --I---;--T--;~ i 12.5 --15--' 17.5 20 I 25 I 
, 3~ Ii =~:~ il =f:~'II,--=~~fl' =f~-r- =~:~ =~-:-~--C--=-;-:~--T--=-~:-~-II-=T:f-
-2.5 -3.0 -3.0 -3.0 I -3.5 -4.0 -3.0 -2.5 -1.5 
TI -; 5 I -;:: i_ -:: 1 -: 0 -I _-_~._5____c--~ ._: 8-5_ ~~ -_ -_-~i~: ~~~---i-: ~--+l 468 
I I I I I 1 -2.5 -3.5 I -3.5 I -4.0 i -4.0 I -4.0 -5.0 -4.5 
2 -2.5 -4.5! -5.5 I -5.5 I -5.5 -6.5 -5.5 -4.5 
3 -4.5 i -4.5! -5.0 I -6.0 -6.0 -6.0 -6.5 -6.0 1 545 M- ---=;.-;--1---=-Z2-1--4.~~r -5.2--'1---5-.5---:---5-.7-+---5-.0--:-1 
R 2.0 I 1. 0 I 2.0: 2.0 I 2.0 I 2.5 1. 5 1. 5 
-----+---
-4.5 -5.0 II -5.5 -5.5 -5.5 II -6.0 
569 
1 
2 
3 
M 
R 
-5.5 
-3.0 -4.0 -4.5 -5.0 -5.0 -5.0 -4.0 
-3.0 -3.5 -4.0 -4.0 I -4.5 I -4.5 -4.0 
----i:-~-· +I---i:-;-J -i: ; .. -i: ~ 1---i: ~ i--= i: ;--+----i-: -~ -, 
--~-~---~. 
METHOD 
-4.0 
-3.0 
-3.0 
-3.3 
1.0 
-2.0 
1.5 
-4.5 
-2.5 
-4.0 
-3.7 
2.0 
-2.5 
-1.5 
-1.0 
-1.7 
1.5 
In the present experiment the white-light was m:ed for the driving light, and the 
blue (468 nm)-, green (545 nm)- and yellow (569 nm)- light for the measuring lights. 
The white-light was also used for the driving light as in the preceding experiments. 
The temporal wave forms of the stimuli were always monitored by means of a 
photomultiplier-oscilloscope systems. The subjects were two male undergraduate 
students MA and YS. MA was a color-normal mbject, while YS was the color 
deficient one (deuteranomalopia) who f.erved as the mbject also in Exp. II. Before the 
measurements of the driving effects, the intensity levels of the stimuli were set, so that 
the OFF might attain at 30 Hz. Since YS had been examined in the condition under 
which all stimuli were white, he was not retested. 
RESULTS and DISCUSSION 
The results of MA and YS are shown in Table 3. Fig. 5 shows the mean of the 
results obtained in the 3 experiments for each wavelength of the measuring light. The 
ordinates and the abscissae of the figures represent the D-Hz and the driving frequency 
respectively. YS's curve of the white measuring light was cited from his rebults in 
Exp. II. According to Table 7 and Fig. 9, for the subject MA, 1) the driving effects 
attained a maximum at about 17.5 Hz, which was characteristic of driving effects 
obtained with a train of white-light pulse stimulation, regardless of the wavelength of the 
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D·Hz 5 Hz 8 ill ~ 00 
o lr;J---;J--+I--~--+-~---+----~I------~I-
-1.0 
-2.0 
!l -3.0 
Jj-4.0 
~ ~-5.0 
:~ -6.0 
°-7.0 
-8.0 
-9.0 
(a) M.A. (normall 
Driving Frequency 
D·Hz 5 8 10 12.5 15 17.5 20 2530Hz 
o ~1~1~~I~~I--~J~-+I--~I---+J----~I~----~I-
-1.0 x 468nm 
o 545nm 
C/l -2.0 
tj 
• 569nm 
..,. ... _-"_*-- L:.. White ~ -3 0 ~ . 
~-4.0 
:§ -5.0 
Q 
x........ I ~,~ X-*-f,. 
'" 
-6.0 
-7.0 (b) Y.S.(deuteranomalopia) 
-8.0 
Fig. 5. Mean of the results obtained with 4 kinds of spectral measuring lights. Vertical lines : 
Ranges. Parameter: Wavelength of measuring light. 
measuring light. 2) This tendency was approximately consistent throughout all of 
experiments for MA. As for the color-deficient subject YS, measurements of the 
driving effects with the blue and the yellow measuring light resulted in a maximum 
peak at about 17.5 Hz as those with the white measuring light. However, it seems that 
the peak of the driving effects detected by the green measuring light slightly shifts 
to frequencies higher than 17.5 Hz, and shows somewhat different tendencies from 
that of the color-normal subject. Since the results of YS were generally not dis-
tinct, his results, including this tendency, must be carefully examined. 
Kelly (1962b), obtaining the amplitude sensitivity curve to the spectral light in 
the white-light adaptation, could not discriminate the color subchannels owing to the 
overlapping of their amplitude-frequency characteristics. The driving effects obtained 
with the spectral measuring light in the present experiment show the characteristics of 
the white-light driving, which may be ascribed to the same origin as in the case of 
Kelly. However, it seems that the above mentioned results would rather indicate the 
characteristics of the photic driving effects decided according to the close relation between 
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the wavelength and the frequency of the driving light. Also, these facts seem to rein-
force the assumption that the results of Exp. I and Exp. II show the temporal 
frequency characteristics of the color channels. 
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